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[57] ' ABSTRACT

A circuit for operating an electric discharge lamp
wherein a change in the mode of operation of the cir-
cuit is effected in response to a change of phase of a
voltage or current in the circuit which occurs during
operation e.g. when the lamp strikes or as the lamp runs
up to full current. |

9 Claims, 10 Drawing Figures
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CIRCUITS FOR OPERATING ELECTRIC
DISCHARGE LAMPS R

Thls mventlon relates to c1rcu1ts for operatmg elec-

| III‘IC discharge lamps.

To achieve rehable operatlon a circuit fcr operating
an electric discharge lamp is often required to operate
in different modes during starting and subsequent run-
ning of the lamp. For example, in the case of fluores-
cent lamps the operating circuit may be required to

supply current to electrode heaters in the lamp during
.- starting until the lamp strikes, whereafter the supply of
~.heater current is cut off. In the case of low pressure
~sodium lamps, a higher than normal voltage may be
_-required 10 be supplied to the lamp by the operating
~ circuit during starting and subsequent run-up of the
~ lamp to full current, the value of the voltage applied to

the lamp bemg reduced to the normal value after run-

In known c1rcu1ts for 0peratmg electric dlscharge
lamps changes in the mode of operation are effected in
response to changes in the amplitude of some parame-

- ter of the arrangement, such as the voltage across the

lamp . |
[t is an ob]ect of the present invention to provide a

~ circuit for operating an electric discharge lamp wherein

a novel method of obtaining a desired change In the
mode . of operation of the circuit is used.
- According to the present invention there 1s provided

"a circuit for operating an electric discharge lamp
~ wherein a change in the mode of operation of the cir-
"_._cu1t is effected in response to a change in the phase of
"~ a voltage or current in the circuit during operation.

‘Normally said change in the phase will be a change

R occurring during starting of the lamp or running up of
S :the lamp to full current.

One particular circuit in accordance with the inven-
tion, for operating a fluorescent lamp of the kind in-
cluding a heater which is required to be energised dur-

ing starting only, comprises: a pair of mput tern'unals_

for connection to an alternating current supply; a pair
of output terminals for connection across said heater; a
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lamp; a reactive ballast impedance connected between
one of the input terminals and one of the output termi-
nals; a connection between the other input terminal
and the other output terminal; an electronic switching
device connected between a tapping point on the bal-
last impedance and said other input terminal, or said
other output terminal or a point there-between; and a
gating circuit for said switching device responsive to
the voltage at said first input terminal.

In one particular embodiment the switching device is
a semiconductor device and is connected to said tap-
ping point via a capacitance and a resistance in series.

Several arrangements in accordance with the inven-
tion will now be described, by way. of example with
reference to the accompanying drawings in which:

FIG. 1 1sa diagram of a circuit for eperating a fluo-
rescent lamp;

FIGS. 2a, 2b and 2¢ show waveforms appearmg in the
circuit of FIG. 1 in operatlcn o

FIG. 3 1s a diagram of a c1rcu1t fcr cperatmg a Tow
pressure sodium lamp; =

FIGS. 4a, 4b and 4c are waveforms appearmg In the
circuit of FIG. 3; |

FIG. 5 shows some modlﬁcatlcns cf the c1rcu1t of

FIG. 1; and

FIG. 6 shows some modlficatlons of the c:rcunt of

FIG. 3.

Referring to FIG. 1, the first circuit to be described
includes a pair of input termtnals I, and I,, between
which an alternating current supply is connected 1n
operation, and two pairs of output terminals O;, O, and
Q,, O, between which electrode heaters H, and H, of
the fluorescent lamp FL are respectively connected 1n
operation. Between the input terminal I; and the output.
terminal O, a ballast impedance comprising a series
connected inductor L, and capacitor C, are connected,
the other input terminal I, being directly connected to
the output terminal O,. To provide a path for supply of
current from the supply to the heaters H,; and H, a triac
TR, is connected in series with an impedance Z, be-

~ tween the terminals O, and O;, and a capacitor C, is
-also connected between the terminals O, and O,.

reactive ballast impedance connected between one of

said input terminals and one of said output terminals; a
controllable electronic. switching device connected
with said terminals so as to be in series with said ballast
inductance in a path for the supply of current from a
source connected to the input terminals to a said heater
connected across said output terminals; and a gating

circuit for said switching device responsive to the po-

tentials on both sides of said ballast impedance.

In one particular embodiment for use with a lamp
having two said heaters, the operating circuit has two
pairs of output terminals for connection across said
heaters respectively, the ballast impedance 15 con-
nected between one of the input terminals and one of a
first pair of the output terminals, the switching device is
connected between the other of said first pair of output
terminals and one of the second pair of output termi-
nals, and the other of said second pair of output termi-
nals is connected to said other input terminal.

A second particular circuit in accordance with the
invention for operating a low pressure sodium dis-
charge lamp, or lamp exhibiting similar characteristics,
comprises: a pair of input terminals for connection to

an alternating current-supply; a pair of output terminals

for respective connection to different electrodes of the
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The triac is provided with a gating circuit comprising
a voltage breakdown arrangement consisting of two
zener diodes ZD, and 4D, connected back-to-back
between the gate electrode of the triac and a point A
which is connected to terminals O, and I, via two resis-
tors R, and R, respectively.

The operation of the circuit will now be described
with the terminals I, and I, connected respectively to
the live and neutral terminals of the supply, the referen-
ces to potentials being with respect to the terminal I,.

It will be appreciated that the resistors R, and R,
constitute a voltage divider connected across the bal-
last impedance L, C, so that the potential at the point

- A lies between the potentials at the terminals 1, and O,,

60

63

its exact value being dependent on the relative values
of the resistors R, and R,. When the supply 1s first
connected to the termunals I, and I,, the potential at the
terminal O, i1s the same as the supply potential at the
terminal I;, and hence the potential at the point A also
follows the supply potential at terminal 1,. As the po-
tential at the terminal I;, and hence point A, ap-
proaches its peak value, one or other of the zener di-
odes ZD, and ZD, breaks down causing the triac TR, to
fire and current to flow from the supply through the
heaters H, and H, via the triac TR,. When the voltage
across triac TR, falls to zero the triac switches off and,
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due to the back of emf across inductor L,, the potential

at the terminals O, and O, rises sharply from a value of
approximately zero when TR, was conducting to a
value of opposite polarity to, and larger, than the peak
value of the potential at terminal I,, and then continues ‘5
rising relatively slowly at a rate dependent on the val-
ues of inductor L, and capacitor C, (see FIG. 2a).

At this time the potential at point A is of the same
polarity as the potential at the terminal O, and rises as
the supply potential at terminal I, changes towards the 10
potential at terminal O, until the triac TR, fires again.

A further pulse of current consequently flows from the
supply through the heater H, and H, via the triac TR,
(see FIG. 2b), and when the triac again switches off the
-cycle 1s repeated. 15

A series of pulses of heater current is thus applied to
the lamp heaters, each pulse being followed by a sus-
tained high voltage pulse across the lamp. Under these
conditions the lamp rapidly strikes and the waveform of
the voltage at terminals O, and O,, i.e. across the lamp, 20
assumes the form shown in FIG. 2¢, the lamp voltage
now approximately leading the supply voltage by 90°
due to the reactance of the ballast impedance L,, C,.
Under these conditions the potential at point A is al-
ways appreciably less than the peak value of the supply 25
voltage at terminal I, and never reaches a sufficiently
high value to fire the triac TR, so that no heater current
flows in the lamp.

The impedance Z, which is normally a resistor or a
small-valued inductor serves, with the capacitor C,, to 30
hmit the amplitude of voltage and current peaks occur-
ring when the conducting state of the triac TR,
changes, the capacitor C, also serving to reduce any
radio frequency voltages which may occur in opera-
tron. 35

The circuit finds particular application with lamps
whose running voltage is close to the supply voltage,
which lamps are most practical and economic to oper-
ate with a series capacitor/inductor ballast impedance.

In one particular embodiment of the circuit of FIG. 1 40
for operating an 8 foot 85 watt fluorescent lamp having
a running voltage of 220 volts from a 240 volts 50 Hz
supply, details of the circuit are as follows:

45
Capacitor C, 4.7 ufd
Capacitor C, 0.02 ufd
Inductor L, 0.85 Henries
Triac TR, 302/500 volts
Diodes ZD, and ZD, Type 2Y 200
Resistor R, 85 kilohms |
Resistor R, 220 kilohms 50

In a modification of the circuit of FIG. 1, shown in
FI1G. 5, a capacitor C; 1s provided between the point A
and a main electrode of the triac TR, to improve firing 55
of the triac TR;. In another modification, also shown in
FIG. 5, a reactive impedance Z; is connected in series
with the resistors R, and R, to obtain slight alteration of
the firing angle of the triac TR,.

Referring now to FIG. 3, a further circuit to be de- 60
scribed includes a pair of input terminals I; and I, be-
tween which an alternating current supply 1s connected
In operation, and a pair of output terminals Oy and Og
between which a low pressure sodium lamp SL is con-
nected in operation. 65

A ballast impedance comprising a tapped inductor
L., L; 1s connected between the input terminal I; and
the output terminal O;, and the other input terminal I,

4

s directly connected to the other output terminal Og. A
power factor capacitor C; i1s connected between the
input terminals I; and I,. A small impedance Z,, a ca-
pacitor C, and a triac TR, are connected in series be-
tween the tapping point on the inductor L,, L; and the
input terminal I;, and the gate electrode of the triac -
TR, 1s connected via a small impedance Z; to the input

terminal 1,.
In operation of the circuit the triac TR, fires at sub-
stantially the same point in each half-cycle of the sup-

ply voltage.

When the triac TR, fires in the first half cycle after
connection of the supply, with the lamp SL cold, a high
value resonant voltage is produced across the series
resonant circuit comprising inductor L, capacitor C,
and mimpedance Z,, which is of sufficiently high ampli-
tude to ignite the lamp and cause a high amplitude
current pulse to pass through the lamp. After the reso-
nant voltage has died down current continues to flow in
the lamp during the rest of the half cycle in response to
the supply voltage between the terminals I; and I, (see
FIG. 4a).

This process is repeated during each subsequent half
cycle of the supply, the magnitude of the current pulses
being dependent on the values of inductors L, and L,
and 1impedance Z,, and their width being dependent
also on the value of capacitor C,. S .

As the lamp SLL warms up the lamp ignites progres-
stvely earlier during each half cycle until eventually
lamp current flows before the triac TR, is fired. The
passage of this lamp current through the inductors L,
and L decreases their effective inductances and there-
fore reduces the magnitude of the current pulses occur-
ring when triac TR, fires (see FIG. 4b).

Eventually, when the lamp has run up to full current,
the conduction angle of the lamp SL and the effective
inductances of the inductors L, and L, are such that no
appreciable current pulse occurs when the triac TR, is
fired (see FIG. 4¢).

Thus the starting boost provided by the triac TR, and
associated components is gradually reduced in opera-
tion in response to the change of the phase of the lamp
current as the lamp runs up to full current, becoming
negligible at full lamp current.

The impedances Z, and Z; are typically resistances
but may include a reactive element.

It will be appreciated that the circuit shown in FIG. 3
finds application with most gas discharge lamps of the
kind which are conventionally operated with a step-up
transformer and series inductance ballast impedance,
and not just with low pressure sodium lamps.

In one particular embodiment of the circuit of FIG. 3
for operating a 55 watt sodium lamp from a 240 volt 50
Hz supply, details of the circuit are as follows:

Capacitor C, Sufd
Capacitor C; 0.22 ufd
Inductor L,:L, 0.9 Hennes

L, compnising one tenth
of the total winding

Triac TR, 302/500
Impedance Z, 4.7 ohms
Impedance Z, 30 kilohms

In a modification of the circuit of FIG. 3 to obtain
more accurate control of the firing angle of the triac
TR, a voltage breakdown arrangement VB is con-
nected between the impedance Z; and the gate elec-
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trode of the triac, as shown in FIG. 6. The voltage
breakdown arrangement suitably comprises a pair of
back-to-back zener diodes and/or a breakover diode. In
another modification for the same purpose, ailso shown
in FIG. 6, a capacitance Cg is connected between the

end of the impedance Z; nearer the triac TR; and a
main electrode of the triac. |

[ claim: |

1. A circuit for operating an electric discharge lamp
comprising: a pair of input terminals for connection to
an alternating current supply; a pair of output terminals
for connection with the discharge lamp; and circuit
means connected between said input terminals and said
output terminals for controlling the supply of current to
a lamp connected with the output terminals from a
supply connected to said input terminals, said circuit
means including means for changing the mode of oper-
ation of the circuit in response to a change in the phase
of the voltage applied to the lamp relative to the phase
of the voltage of the supply.

2. A circuit according to claim 1 wherein said ballast
impedance comprises an inductance and a capacitance
connected in series.

3. A circuit according to claim 1 for operating a low
pressure sodium discharge lamp, or lamp exhibiting
similar characteristics, with said output terminals re-
spectively connected to different electrodes of the
lamp, the circuit comprising: a reactive ballast imped-
ance connected between one of the input terminals and
one of the output terminals, a connection between the
other input terminal and the other output terminal; and
electronic switching device connected between a tap-
ping point on the ballast impedance and said other
input terminal; and a gating circuit for said switching
device responsive to the voltage at said first input ter-
- minal.
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4. A circuit according to claim 3 wherein said switch-
ing device is a semiconductor device and is connected
to said tapping point via a capacitance and a resistance
in series. | |

§. A circuit according to claim 3 wherein said gating
circuit comprises an impedance connected between a
control electrode of the switching device and said one
of the input terminals. |

6. A circuit according to claim 1, for operating a
fluorescent lamp of the kind including a heater which 1s
required to be energised during starting only, compris-
ing: a reactive ballast impedance connected between
one of said input terminals and one of said output ter-
minals; a controllable electronic switching device con-
nected with said terminals so as to be in series with said
ballast inductance in a path for the supply of current
from a source connected to the input terminals to a said
heater connected across said output terminals; and a
gating circuit for said switching device responsive to
the potentials on both sides of said ballast impedance.

7. A circuit according to claim 6, for use with a lamp
having two said heaters; wherein the circuit has two
pairs of output terminals for connection across said

‘heaters respectively, the ballast impedance 1s con-

nected between one of the input terminals and one of a
first pair of the output terminals, the switching device 1s
connected between the other of said first pair of output
terminals and one of the second pair of output termi-
nals, and the other of said second pair of output termi-
nals is connected to said other input terminal.

8. A circuit according to claim 6 wherein said gating
circuit includes: a pair of resistances connected In se-

- ries between said one of said input terminals and ornie of

said output terminals; and a connection between the

35 junction between said resistances and a control elec-
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trode of said switching device.
9. A circuit according to claim 8 wherein a reactive

impedance is connected in series with said resistances.
x %k * k¥ %
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